Phylogenetic inference from molecular sequences is increasingly perceived as a statistical problem, yet surprisingly little attention has been paid to issues of experimental design. Questions regularly arise regarding, for example, the optimal number and evolutionary relationships of sequences and the best choice amongst genes with different evolutionary rates for studies of organisms with differing degrees of evolutionary divergence (see Yang and Goldman, 1997; Goldman, 1998 , and references therein for further discussion). Previously, whatever expertise existed regarding matters of relevance to experimental design tended to be restricted to particular genes and organisms and to be qualitative in nature (see Hillis et al., 1996, pp. 336-339, for an extensive list of studies). Results were evaluated empirically according to their congruence amongst themselves and in comparison to researchers' a priori expectations. Large laboratory efforts are often needed before even these qualitative conclusions can be reached.
Phylogenetic inference from molecular sequences is increasingly perceived as a statistical problem, yet surprisingly little attention has been paid to issues of experimental design. Questions regularly arise regarding, for example, the optimal number and evolutionary relationships of sequences and the best choice amongst genes with different evolutionary rates for studies of organisms with differing degrees of evolutionary divergence (see Yang and Goldman, 1997; Goldman, 1998 , and references therein for further discussion). Previously, whatever expertise existed regarding matters of relevance to experimental design tended to be restricted to particular genes and organisms and to be qualitative in nature (see Hillis et al., 1996, pp. 336-339 , for an extensive list of studies). Results were evaluated empirically according to their congruence amongst themselves and in comparison to researchers' a priori expectations. Large laboratory efforts are often needed before even these qualitative conclusions can be reached. Goldman (1998) method for computing phylogenetic information measures expected under model experimental designs which describe candidate phylogenies (numbers and evolutionary relationships of sequences), rates of sequence evolution, and sequence lengths. By comparing information scores computed for a variety of experimental designs, optimal designs can be found for particular problems in molecular phylogenetics. Goldman (1998) investigates some realistic sample problems assuming the availability of different genes, taxa, and sequence lengths. One problem, for example, regards the selection of a gene with optimal evolutionary rate for a given model phylogeny. A successful analysis using such methods could result in reduced laboratory effort being expended on sequence data collection and more powerful results from subsequent phylogenetic analysis. This note reports the availability of the software ED-IBLE (Experimental Design and Information By Likelihood Exploration), version 1.0, which calculates information measures described by Goldman (1998) for an input (base) phylogeny, and can make modifications to the topology, branch lengths or rate of sequence evolution on this phylogeny and recompute information measures automatically. Combinations of program runs with different base phylogenies and/or different modifications can rapidly lead to optimal experimental designs for molecular phylogenetics.
Goldman's (1998) information measures are based on the Fisher information (or expected information) matrix E(I ) of an experiment to estimate the vector parameter θ by maximum likelihood (ML) (Edwards, 1972; Atkinson and Donev, 1992) . E(I ) is defined element-wise by
where S is the support or natural logarithm of the likelihood function. The expectation E(·) is taken over all possible data, distributed according to the true value of θ. When this is not known, as is typically the case, a plausible model value for θ is used. Fisher information has intuitive interpretations in terms of 'generalized variance' (Stuart and Ord, 1991; Atkinson and Donev, 1992) or the 'sharpness' of the peak of the likelihood function about the true value of θ (Goldman, 1998) . In the context of phylogenetic inference (with no assumption of a molecular clock-see also below) the parameters θ i are the branch lengths of the model phylogeny. E(I ) quantifies the information we expect to obtain, relating to the parameters θ i , per sequence site in a ML analysis of aligned sequences generated by the specified model phylogeny. Goldman (1998) uses the measures E(I ii ) (individual matrix elements) and |E(I )| (matrix determinant) to quantify information relating to one or more branch lengths, and these calculations are easily performed for varying model phylogenies using the EDIBLE program. We know of no other program that can perform these calculations in a phylogenetic context. EDIBLE does not calculate any quantity explicitly concerning the inference of phylogenetic tree topology, such as the probability of correctly estimating topology (see, e.g., Yang, 1998) .
In the case that molecular clock-like trees are analysed, the parameters θ i are transformed and become the times before the present of the internal nodes of the model phylogeny (Goldman, 1998) . EDIBLE can perform these transformations. EDIBLE now implements the HKY85 model of nucleotide substitution (Hasegawa et al., 1985) , as well as the JC69 model (Jukes and Cantor, 1969) as described in Goldman (1998) . For the HKY85 model, the Fisher information relating to the parameter κ describing the transition/transversion rate ratio can also be computed.
EDIBLE can perform information calculations for phylogenies of up to at least 15 sequences using the exact equations given by Goldman (1998) . For more than about 15 sequences, computation time and memory concerns become significant. EDIBLE now implements a Monte Carlo sampling approach which can give accurate answers in reasonable time for significantly larger numbers of sequences.
The fundamental input to the EDIBLE program is a file containing the base phylogeny for which information calculations are to be made. The format is the bracket notation familiar in phylogenetics, including branch lengths. Additional characters are used to denote branches (or nodes) for which information scores are required and to indicate the position of the root for rooted trees. Various command line switches control additional options.
Once the program is running, the user is presented with a choice of interactive options regarding possible modifications to be made to the base phylogeny during a run. These include scaling all the branch lengths by a range of factors (i.e. shrinking/expanding the entire tree), scaling the length of one branch by a range of factors, and moving one branch while holding the rest of the phylogeny unaltered (i.e. 'sliding' the point of connection of one branch along another branch to which it is attached). After any required interactive option is selected, information scores are calculated and recorded in an output file. This may optionally also contain details of the range of phylogenies selected by the interactive options.
EDIBLE is distributed free of charge for academic use. The program, including ANSI C source files, documentation and example data sets, and further details of the method and algorithms can be obtained via http://ng-dec1. gen.cam.ac.uk/info/index.html and 'downstream' Web pages. Pre-compiled executables are also available for Digital UNIX and Windows operating systems.
